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Introduction

MENK, an endogenous opioid peptide composing of five amino 
acids with the sequence: Tyr-Gly-Gly-Phe-Met, generated in 
adrenal gland and derived from proenkephalin1 is an important 
agent to be involved in the regulatory loop between the neuro-
endocrine and immune systems, and participates in functional 
regulation of the cells of both the innate and adaptive immune 
systems. Subsequent findings were that the MENK at a suitable 
dose indeed activated T cells, NK cells, LAK cells and TIL cells2,3 
as well as antitumor effect.4-6

Dendritic cells (DCs) functioned as highly efficient profes-
sional antigen-presenting cells (APCs) with a crucial role in both 
innate immunity and adaptive immunity7,8 via antigen capture, 
processing, and presentation to initiate T cell response. Immature 
DCs (iDCs), with high activities of antigen uptaking and pro-
cessing, but with low activity of stimulating T-cell proliferation, 

The aim of this investigation is to look at whether MeNK could improve antitumor effect of cD8+ T cell elicited by BMDcs. 
We investigated the effects of MeNK on the differentiation, maturation, and functions of murine BMDc loaded with Rac-1 
antigens (RG) and cTL of tumor specific immune response elicited by the BMDc in vitro and in vivo. The production of 
cytokine IL-12 and TNF-α secreted by BMDcs in the presence of MeNK was assayed with eLISa and key surface markers of 
cD40, cD86, cD83 and MHc-II on the BMDcs were analyzed with use of flow cytometry (FcM). In addition, the activities to 
induce cD8+ T cell proliferation, along with displayed cytotoxicity of the cD8+ T cells (cTL) by the BMDcs after treatment 
with MeNK were determined with use of FcM as well as MTS. Our results indicated that MeNK induced phenotypic and 
functional maturation of BMDc loaded with RG antigen, as evidenced by higher level of expression of key surface markers 
and more production of cytokines. Subsequently, the BMDc activated by MeNK intensified immune responses mounted 
by cTL, resulting in stronger antitumor activity. Our results suggest that MeNK could be working as an effective immune 
adjuvant in vaccine preparation for cancer fight and other immune related diseases. We concluded that MeNK could be a 
positive immune modulator in the improved functions of BMDcs loaded with antigen as well as in cD8+ T cell mediated 
anti-tumor responses.
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can develop further into mature DCs (mDCs), with significantly 
increased induction to naïve T cell into CTL due to higher 
expression of MHC and costimulatory molecules.9,10

The Rac-1 cell line was established C57 T lymphoma, which 
is a stable cell line in vitro for numerous studies. In pre-studies 
we proved that BMDCs was sensitive to the Rac-1 cell antigen.

However, DCs loaded with relevant antigens had been used as 
therapeutic cellular vaccines for different tumors, but DCs only 
pulsed with tumor cell fragments or tumor lysates were usually 
not very effective.11

Our previous work proved that MENK played an12 important 
role in the differentiation, maturation, and function of dendritic 
cells, through up-regulating the expression of major costimula-
tory molecules such as CD40, CD83, CD86 and production of 
cytokine IL-12.3,11 So far there is little report on MENK as an 
adjuvant in combination with DCs loaded with tumor antigen to 
drive CD8+ T cell mediated response and we are curious about 
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group (p < 0.05) vs. 17.07±1.852% in the 
RPMI 1640 group, vs. 16.91±2.052% 
in the NTX+MENK (p < 0.05), and vs. 
48.25±3.645% in the RG group, and (p 
< 0.05) vs. 52.52±1.357% in the MENK 
group. CD40 yielded 51.21±2.246% 
in the RG+MENK group (p < 0.01) vs. 
33.74±0.44% in the RPMI 1640 group and 
(p < 0.05) vs. 45.50±2.687% in the RG group 
as reflected in Fig. 2A.

Morphology of BMDCs. The morphol-
ogy of the BMDCs from secured SEM photos 
was compared before and after treatment. The 
cells in the RG+MENK group exhibited more 
matured shape with more protrusions and 
more cascading folds than untreated BMDCs 
did (Fig. 2B).

Phagocytosis study of BMDCs by FCM. 
The data of phagocyting FITC-conjugated 
dextran by BMDCs indicated that the ability 
of the BMDCs to phagocyte the dextran, in 
the RG+MENK group have reduced signifi-
cantly as compared with that in RPMI1640 
group. G means yielded 99.24±3.018 in the 
RG+MENK group (p < 0.01) vs. 219.93±5.051 
in the RPMI 1640 group, 138.55±8.531 in the 
RG group, 165.37±6.610 in the MENK group, 
and 166.96±4.378 in the NTX+MENK group 
respectively (Fig.2C).

Cytokine secretion by BMDCs. DCs play a driving role in T 
cell-mediated immune response via secretion of different cyto-
kines. In particular we focused on the production of IL-12p40, 
IL-12p70 and TNF-α. After the BMDCs were treated with 
RG and/or MENK for 48h, cytokines IL-12p40, IL-12p70 and 
TNF-α were assayed by ELISA. The results demonstrated that 
the levels of cytokines were consistent to corresponding maturity 
of DCs. The ELISA results showed that, the IL-12p40 secreted 
by BMDCs yielded 427.6±8.429 pg/ml in the RG+MENK group 
(p < 0.01) vs. 303.74±16.039 pg/ml in the RPMI 1640 group, 
345.71±13.557 pg/ml in the RG group and 324.73±8.342 pg/ml 
in the MENK group. Similarly, IL-12p70 yielded 627.15±65.03 
pg/ml in the RG+MENK group (p < 0.01) vs. 256.83±7.234 pg/
ml in the RPMI 1640 group, 427.53±26.332 pg/ml in the RG 
group and 380.67±23.995 pg/ml in the MENK group in the 
RG+MENK group; Also TNF-α yielded 627.15±65.03pg/ml in 
the RG+MENK group (p < 0.01) vs. 256.83±7.234 pg/ml in the 
RPMI 1640 group and (p < 0.05) vs. 123.17±15.821pg/ml in the 
MENK group, as shown in Fig. 3.

MLR test. A functional characteristic of DCs was their abil-
ity to induce primary MLR. The purified CD8+ T cells (Fig. 4) 
displayed a significant proliferation enlicited by BMDCs treated 
with RG and MENK at the ratio of DC: CD8+ T 1:10 and (Fig. 
5A and Fig. 5B).

CTL cytotoxicity. The co-culture purified CD8+ T cells 
were collected on 5d as effector cells and were checked by FCM. 
FCM data revealed that CD28 expression increased, which is 

the concrete mechanism of this process. Due the great impor-
tance of DC in cancer fight therefore we conducted the following 
research to try to dig the mechanisms.

Results

Purification of BMDCs by FCM. After co-culture for 7d, the 
purity of CD11c+ cells was examined and the percentage was 
over 85%. Followed by purification with MACS, the CD11c+ 
cells were enriched and the results of FCM showed that the 
purity CD11c+ cells approached 95% (Fig. 1A).

BMDCs response to a range of RG doses. Under the influ-
ence of a range of concentrations of RG, BMDCs in wells grew 
into differential numbers. The data showed that the concentra-
tion of RG from 100μg/ml to 300μg/ml could induce cell pro-
liferation. Subsequently, we found that RG in 200μg/ml plus 
MENK (10-12M) exerted significant effect on proliferation of 
BMDCs (Fig. 1B).

Morphologic characteristics of the BMDCs by FCM. 
FCM data revealed that CD83 expression increased, which is 
commonly an indicator for mature DCs. There were also vari-
ous degrees of increments of molecules CD86 and CD40 (Fig. 
2A). Namely, CD83 yielded 58.17±1.616% in the RG+MENK 
group (p < 0.01) vs. 32.59±2.168% in the RPMI 1640 group, 
38.13±0.433% in the RG group, 52.36±0.876% in the 
MENK group and vs. 19.26±0.634% in the NTX+MENK 
group. Similarly, CD86 yielded 56.28±1.774% in the MENK 

Figure 1. The cD11c+ cell purification with MacS. (a) We can see easily that the BMDcs have 
been purified significantly and approached 95%. (B) BMDcs proliferation under a range of RG 
doses and BMDcs proliferation under a range of RG+MeNK doses.
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In this study, BMDCs loaded with RG and MENK were 
employed for initiating antitumor immune response of CTL. 
We demonstrated that under influence of MENK, the BMDCs 
loaded with RG showed more maturation both phenotypically 
and functionally, as evidenced by the our data above. The con-
crete findings from our study are: (1) FCM analysis showed 
MENK could markedly enhance the expression of CD86, CD83 
and CD40 molecules on BMDCs loaded with RG. (2) SEM and 
FCM data suggested that under influence of MENK, the BMDCs 
loaded with RG exhibited maturation with more protrusions and 
stronger phagocytosis than the BMDCs dad in other groups. 

an important marker for activated CD8+ 
T cells. Correspondingly, the expression 
of either FasL (CD178) or Prf increased 
significantly. The number for CD28 
yielded 10.29±0.212% in the MENK+RG 
group (p < 0.01) vs. 1.790±0.063% in 
the RPMI 1640 group, 5.94±0.076% 
in the RG group, 5.75±0.095% in the 
MENK group, and 2.21±0.102% in the 
NTX+MENK group; FasL (CD178) 
yielded 6.37±0.086% in the RG+MENK 
group (p < 0.05) vs. 6.71±0.125% in the 
RG group, and (p < 0.01) vs. 2.67±0.145% 
in the RPMI 1640 group, 5.19±0.141% 
in the MENK group and 1.98±0.317% 
in the NTX+MENK group; Prf yielded 
3.06±0.764% in the MENK+RG group (p 
< 0.01) vs. 1.32±0.586% in the RPMI 1640 
group, 2.75±0.896% in the RG group, 
1.88±0.049% in the MENK group and 
1.34±0.980% in the NTX+MENK group 
(Fig. 5C).

The cytotoxicity of CTL was determined 
by MTS and compared within the five 
groups. The number in the RG + MENK 
group indicated that activity to kill Rac-1 
was significantly up-regulated (Fig. 6).

Discussion

Many strategies exist for initiating antitu-
mor immune response of CTL, including 
peptide loading, freeze-thaw lysis, DC/
tumor cell fusion, and DC priming with 
tumor RNA.13-17 Tumor antigen loading 
is one of the effective methods in cancer 
therapy, including the whole tumor antigen 
loading and the single tumor antigen load-
ing. Whole tumor antigen loading strategy 
is advantageous in providing many tumor-
specific or tumor-associated antigens, 
which will theoretically decrease the ability 
of tumors to evade the immune response 
elicited by the latter Kazama.18,19

Although the whole tumor antigens can 
be presented by DCs and recognized by CTLs, the responses are 
ineffective in eradicating tumor cells due to immune tolerance 
because of the absence of essential co-stimulatory signals neces-
sary for the priming of T cells responses.20

MENK, the endogenous neuropeptide, could be involved in 
immune responses via inducing the secretion of various cytokines 
and the expression of key surface molecules such as B7 (CD80,86) 
molecules in multiple types of immune cells.21,22 Recently our 
team has demonstrated that BMDCs treated with MENK at the 
concentration of 10-12M expressed expanded CD83, CD40 and 
CD80 molecules.3,11,23

Figure 2. Up-regulation of key surface molecules on BMDcs after treatment with RG and/or 
MeNK for 48h. (a) The cells were respectively collected and stained with mabs to cD40, cD83, 
and cD86. expression of surface markers was analyzed by FcM and was displayed respectively 
by the single parameter diagram. The values shown in the profiles were the gated %. Results 
represent the mean ±SD of three independent samples. The images of BMDcs before and after 
treatment with RG and or MeNK (B) by SeM (B) (×3500).



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com Human Vaccines & Immunotherapeutics 1239

RG+MENK group possessed more potent cytotoxicity than CTL 
activity in other group.

Moreover, the p40 and p70 are two subtypes of IL-12. When 
we look at mRNA we usually detect p40 and p35, however, when 
we detect IL-12 proteins we measure p40 and p70. Functionally, 
in some studies of infection model p70 was quantified and in 
some cancer model p40 and p70 were quantified.24-26 So we tested 
tow to dig the mechanism.

Despite the meaningful results we got above there are still 
more approaches needed to be done in depth, such as the signal 
mechanisms on MENK such as precise signal pathway via which 
MENK exerts effect on DC-CD8+ T cell route as well as the 
connection between opioid receptors and immune receptors.

We also should pay attention to that dendritic cells have 
emerged as the most potent and professional antigen present-
ing cells that initiate activation of naïve T cells to trigger T cell 
responses, acting as mediator between the innate and adaptive 
immunities. They can thus potentially be used in therapeutic vac-
cines in cancer fight and for other human threatening diseases.1

This contribution could therefore help the better understand-
ing of MENK’s modulating effects on immune system, and anti-
tumor mechanism via which, MENK is working. Furthermore, 
this work also provides a meaningful mode of action for poten-
tial application of Rac-1 antigen alone, or in combination with 
MENK and highlights the clinical significance of MENK as an 
immune stimulator or adjuvant, which may play a critical role 
in fighting cancer. Likewise, we may consider MENK as a pos-
sible adjuvant to be used in vaccine preparations against immune 
handicapped diseases.27

We believe it is the first ever to publish the article to push the 
possibility that DC loaded with Rac-1 antigen under influence of 
MENK can become more matured and drive antitumor effect of 
CD8+ T cell.

Materials and Methods

Mice. Female 6- to 8-week-old C57BL/6 mice were obtained 
from Harlan Slac Laboratory animals Co. Ltd (Shanghai, 
China), and were housed in the pathogen-free animal house at 
China medical university. All experiments with animals were 
conducted in accordance with the Guide for the Care and Use of 
Laboratory Animals as adopted and promulgated by the China 
National Institutes of Health.

Reagents. MENK was provided by Penta Biotech, Inc. USA 
(≥ 97% purity). The mAbs used in this study were purchased 
from eBioscience (San Diego, CA) and BD Pharmingen (San 
Jose, CA) respectively. IL-4 and GM-CSF were obtained from 
PeproTech Inc (Rocky Hill, NJ, USA), ELISA assay kits for 
IL-12p40, IL-12p70 and TNF-α analysis were purchased from 
eBioscience (San Diego, CA). Other chemicals frequently used 
in our laboratory were all products from Sigma-Aldrich or BD 
Pharmingen.

Preparation of Rac-1 cells freeze-thaw antigens (RG). A total 
of 3×108 Rac-1cells were collected, washed 3 times with cold PBS 
washing buffer, and resuspended in 5ml of RPMI 1640 medium. 

(3) ELISA test showed that MENK could induce maturation of 
BMDCs loaded with RG via the enhanced secretion of IL-12p40 
and IL-12p70 and the diminished secretion of TNF-α. (4) With 
the purified CD8+ T cells we tested DC driven cytotoxicity of 
CD8+T cells and found that the BMDCs in RG+MENK group 
increased markedly the expression of CD28, which is the most 
important marker for CTL. Meanwhile the higher expression of 
FasL (CD178) and Prf were observed with consistent trend. (5) 
Finally we analyzed CTL cytotoxicity by detecting the killing 
effect of CTL on Rac-1 cells. The CTL activated by BMDCs in 

Figure 3. The production of IL-12p40 (a), IL-12p70 (b) and TNF-α (c) by 
BMDcs after treatment with RG and/or MeNK for 48hr by eLISa.  after 
treatment with RG and/or MeNK the supernatant from cell cultures was 
collected and the secreted cytokines were quantified by eLISa. The 
histograms above showed the levels of IL-12p40, IL-12p70 and TNF-α 
production. Results represented the mean±SD of three independent 
experiments samples.
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Mixed lymphocyte reaction (MLR). For the mixed lympho-
cyte reaction (MLR) the BMDCs were harvested on 7d. The 
CD8+ T cells from the splenocytes were separated and purified 
with magnetic beads under sterile condition and subsequently 
the purified CD8+ T cells were grown with ConA 10μg/ml 
for 48h to a concentration of 1×107/ml. The purified CD8+ T 
cells (2-5×105/well) were incubated in 96-well cell-culture plates 
(Corning-Costar) with graded numbers of BMDCs (at a ratio of 
1:5, 1:10, 1:20 and 1:40) for 5d. The proliferation of T cells was 
monitored by measuring the absorbance in each well at 570nm 
(A570) using a bichromatic microplate reader. Results were 
expressed as the mean±sd from triplicate wells.

MTS assay for effect of CTL cytotoxicity. The co-cultured 
CD8+ T cells were collected after stimulation for 5d as effec-
tor cells and then anti-CD8, anti-CD28, anti-Prf and anti-FasL 
antibodies were used to check corresponding changes on CTL 
cells with FASC. At same time Rac-1 cells were collected as target 
cells. The co-cultured CD8+ T cells (2×105/well) were incubated 
in 96-well plates (Corning-Costar) with Rac-1 cells for 4h at a 
ratio of 1:20, 1:50, 1:100 and 1:200. The CTL cytotoxicity in 
each well was determined by the absorbance at 570nm (A570) by 
MTS on bichromatic microplate reader.

Statistical analysis. Statistical analysis was performed using 
the statistical program SPSS (Statistical Package for Social 
Sciences, Version 16.0) for Windows. All variables are presented 
as mean± sd. Differences were evaluated by ANOVA for multiple 
groups and by the student t-test for two groups using the Prism 
(Graph Pad Software). Turkey test used for post hoc analysis 
indicated significance when p<0.05 by ANOVA.
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The cells were kept in -80°C refrigerator for 4h and thawed at 
room temperature. The cycle was repeated 3 times at same condi-
tion of centrifugation and the supernatants were stored for fur-
ther use.

BMDCs culture and loaded with antigen in vitro. The 
preparation of BMDCs was modified by method as previously 
described.27 Briefly, bone marrow cells from the femurs and tib-
ias of female C57BL/6 mice (4-6 weeks old) were first depleted 
of red cells with lyses buffer and subsequently, 107/ml cells were 
placed in 24-well plates in 2 ml of RPMI 1640 supplemented 
with 10% fetal bovine serum, recombinant murine granulocyte 
macrophage colony stimulating factor (GM-CSF) (10ng/ml), 
interleukin (IL)-4 (10 ng/ml), 2 mM L-glutamine, 100units/
ml penicillin, 100μg/ml streptomycin. After incubation for 
4h the medium containing non-adherent cells was removed 
and replaced with fresh medium as described above. After 7d 
of culture, the cells were kept overnight with LPS (1μg/ml) to 
get more number of cells before purification with CD11c-MACS 
magnet beads (Miltenyi Biotec). CD11c+ DCs were purified by 
immunomagnetic sorter, using anti-CD11c-coated magnetic 
beads and the auto- MACS system according to the manufac-
turer’s instructions (Miltenyi Biotec, CA, USA). Purity of the 
sorted cells was determined by FCM analysis (more than 90% 
for CD11c+ cells).

Preparation for conventional SEM. The cultured BMDCs 
cells incubated with or without MENK (10-12M), plus RG 
(200μg/ml) for 48h were collected and checked for morphology 
by SEM (JEOL, JSM-7300). The cell preparation steps included 
glutaraldehyde fixation, cleaning, osmium tetroxide post-fixa-
tion, cleaning, replacement, critical point drying, and gold spray-
ing etc. Finally, the prepared samples were analyzed with SEM.

Analysis of key surface molecules by FCM. The cultured 
BMDCs cells incubated with or without MENK (10-12M), plus 
RG (200μg/ml) for 48h were collected for analysis of key sur-
face molecules. The BMDCs were washed in PBS and incubated 
at 4°C for 20 min with combination of anti-CD40, anti-CD86, 
anti-CD83 and anti-MHC II antibodies. The specificity of the 
primary mAbs was established with appropriate isotype-matched 
controls. After extensive washing, the stained cells were ana-
lyzed using FCM (BD Biosciences). The data, obtained from 
the analysis of the fixed cells by FCM, were then analyzed using 
WinMDI2.9 (Joseph Trotter, BD Biosciences).

Phagocytosis study. The cultured BMDCs cells incubated 
with or without MENK (10-12M), plus RG (200μg/ml) for 48h 
were collected for the study of phagocytic activity. 100μl FITC-
Dextran (40,000 D)28-30 were added to the BMDCs culture, 
incubated at 4°C for 2h, subsequently at 37°C for 1h and finally 
samples were checked by FACS Calibur (Becton Dickinson, San 
Diego, CA).

Cytokine assay of IL-12p40, IL-12p70 and TNF-α. The 
cultured BMDCs cells incubated with or without MENK (10-

12M), plus RG (200μg/ml) for 48h were collected for the assay of 
production of IL-12p40, IL-12p70 and TNF-α respectively per 
instruction included in the ELISA kit. The absorbance at 450 nm 
(A450) was determined using a bichromatic microplate reader 
(BIO-TEK, USA).

Figure 4. The cD3+ cD8+ T cell purification with MacS. The cD8+ T 
cells from the splenocytes were separated and purified with magnetic 
beads under sterile condition t. The purity of cD11c+ cells were exam-
ined and the percentage were approached 10% to 12%. Followed by 
purification with MacS, the cD3+ cD8+ T cells were enriched and the 
results of FcM showed that the purity approached 85%.
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Figure 5. The co-cultured BMDcs and cD8+ T cells (a) in a range of different ratio under a light microscope (200 ×). The purified cD8+ T cells were 
incubated with BMDcs (BMDcs/cD8+ T cells in a ratio of 1:5, 1:10, 1:20 and 1:40) for 5d (B). The BMDcs/cD8+ T cells at ratio 1:10 showed the best effect 
on driving cD8+ T cells proliferation. Up-regulation of cD28, FasL and prf on cD8+ T cells after treatment with RG and/or MeNK BMDcs for 5d (c). The 
expression of markers was analyzed by FcM and was displayed respectively by the single parameter diagram. The values shown in the profiles were 
the gated %. Results represent the mean ±SD of three independent samples.
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Figure 6. cTL cytotoxicity. The cTL cells were incubated with Rac-1 cells (in a ratio of 1:20, 1:50, 
1:100 and 1: 200) for 5d. at the ratio 1:100, The cTL cells treated with RG + MeNK showed the best 
cytotoxicity to kill tumor cells (p <0.01).
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